The layered aluminosilicates, have been widely investigated on account of the unique surface properties mainly surface acidity, cation exchange capacity and high surface areas. Montmorillonite clay is among various layered aluminosilicates which has caught great attention due especially of its good swelling property and high exchange capacity 10 . Moreover, clays are cheap and have high physical strength possess relatively high resistance towards alkali treatment.
The most recent work was interested in the esterification of glycerol with lauric acid in the presence of clay chemically modified by the esterification reaction was performed in a continuously stirred flask reactor under atmospheric pressure for up to 8 h. Different organo-montmorillonites montmorillonite was modified with cetyl trimethylammonium bromide CTAB , tetra-n-butylammonium bromide TBAB 10, 21 and tetra-n-butylammonium TBMMT 22 have been used as catalyst for the Lauric acid esterification. The amounts of organo-montmorillonite used were 3 mass 22 and 5 mass 10, 21 related to reactant lauric acid . Lauric acid conversions of about 80 21, 22 and 71 10 were achieved using a molar ratio of glycerol: lauric acid 6:1. In this work, it is proposed to study the esterification of ethylene glycol and glycerol by some typical fatty acids such as palmitic, stearic and oleic acids in the presence of clays as catalysts. The clays used are commercial montmorillonites under the names KSF, KSF/O, KP10 and K10 and having different physicochemical properties. The cata-lytic role of each major physico-chemical properties of these clays, for instance specific surface area, porosity, surface acidity was studied. The best operating conditions for the course of the reaction were optimized through a development of experiments which take into account the amount of catalyst, the reaction temperature and the molar ratio of the reactants. The effect of the fatty acid type, the length of the alcohol s carbon chain and also the reusability of the catalyst were also examined.
EXPERIMENTAL PROCEDURE 2.1 Material
Fatty acids palmitic acid hexadécanoic acid; C16:0; 99-100 , stearic acid octadecanoic acid; C18:0; 95 used in the reactions were procured from Sigma-Aldrich. Oleic acid cis-9-octadecenoic acid, C18:1; 99 and the four commercials clays Montmorillonite KSF/0 clay, Montmorillonite KSF clay, Montmorillonite KP10 clay, and Montmorillonite K10 clay were purchased from Fluka. The relevant physicochemical properties of the catalysts used are given in Table 1 23 . Glycerol 1, 2, 3-propanetriol, ≥ 99. 5 and hexane were purchased from Panreac. Ethylene glycol 1, 2-dihydroxyethane was purchased from Labochimie. All these chemicals were used as received without any further purification.
Esteri cation reaction
The esterification reaction is carried out in a continuous reactor composed of a three-neck flask 100 mL equipped with a water-cooler condenser, a thermometer and a magnetic stirrer 13 .
Two grams of fatty acid stearic, oleic or palmitic acid and a mass of polyol ethylene glycol or glycerol were introduced into the reactor and were esterified in the presence of catalyst clays KSF, KSF/O, KP10 and K10 representing 10 by weight of fatty acid. The reactions are performed at a temperature set at 150 .
Samples were withdrawn to determine the remaining amount of fatty acid by titration with a sodium hydroxide solution 0.017 molL 1 . The conversion of fatty acid was calculated by the following formula 24 :
Where a i is the initial acidity of the mixture and at is the final acidity at a time t .
Reaction conditions
Several reaction conditions were optimized, for example catalyst loading from 0.1 g to 1.2 g, which corresponds to a mass ratio of 0.05-0.6 w/w. The reaction temperatures were studied from 100 to 170 . The molar ratios of polyol fatty acid were 1:0.5, 1:1, 1:2, 1:3 and 1:4. The type of the fatty acid and the length of the alcohol s carbon chain have also been studied. At the end of the reaction, the catalyst was separated by centrifugation and the contents in the reaction product TG, DG, MG, and FA were analyzed using a gas chromatograph GC .
Reusability study
In the reusability study of the KSF catalyst, 10 wt. of fresh catalyst ,with respect to the initial reactants, was used for the reaction performed at 150 for 5h. After the experiment, the catalyst was filtered from the catalytic reaction mixture, successively washed with hexane and then dried in an oven at 80 . Afterwards, the catalyst was reused for the subsequent esterification runs, using the same reaction conditions. Such reusability experiments were repeated for 5 times and the activity was measured based on the conversion of oleic acid.
RESULTS AND DISCUSSION

Catalytic activity of acid clays
Montmorillonite is a member of the smectite clay family and has 2:1structure i.e. octahedral layer of Al is sandwiched between two tetrahedral layers of silicon coordinated with oxygen TOT , exhibiting overall weak acidity 25 . The crystalline sheets of negatively charged aluminosilicates are balanced by hydrated cations Na , K or Ca 2 in the interlayer spaces of montmorillonite. The most interesting features of the smectite clay are their intercalation, swelling and cation exchange capacity which improve the catalytic properties of smectite clay. In order to select the best clays, a series of montmorillonite KSF, KSF/0, KP10, and K10 were used as acid catalysts. Figure 1 shows the conversion profiles relative to the reaction times of oleic acid with ethylene glycol over the studied catalysts 10 wt. at 150 . It can be noticed that the reaction rate increases according to the following order: KSF/0 KSF KP10 K10. Acid treatment in commercial-type montmorillonite KSF/0, KSF, KP10 and K10 promoted an increase in the number of acid sites of moderate strength compared to natural clay 26 . The acid strength of the catalysts can be characterized by the pH-value. The number of sites by the intensities of the Brønsted-and Lewis-characteristic bands in the IR spectra after pyridine adsorption as previously described The increase of the catalytic conversion could be correlated to the total acidity surface of the catalyst. Besides, lower pH clay values resulted in significant increase of the reaction rate. Both KSF and KSF/O with initial pH of 1.5 and 1.3, respectively, led to higher conversion. Whereas, only 30 oleic acid conversion yield was observed for K10 which have the higher surface area 249 m 2 /g and the higher pH 4.5 . Consequently, the catalytic activity of these K-catalysts is controlled by their acidity. The other physical properties of clays, including surface area and the average pore diameter, do not appear to have a significant effect on the variation of the yield of the reaction 27 . This result is in good agreement with the report of Pushpaletha et al. on the correlation between surface properties and catalytic activity of montmorillonite catalysts 28 .
Optimization of reaction parameters
Given the importance of the catalyst in the course of the reaction, it is necessary to study its loading.
Optimization of catalyst loading
Oleic acid was esterified with ethylene glycol at different weight of KSF. All experiments are carried out at 150 , for 5h. Figure 2 presents the fatty acid conversion as a function of catalyst concentration Cc where Cc is the weight of catalyst/initial weight of fatty acid which shows two different domains. In the first part, the ester conversion increases proportionally with the Cc. In fact, when the amount of the catalyst increases, the total number of active catalytic sites increases in the reaction medium. Beyond 0.2 w/w Cc, yields remain substantially invariant to the quantity of catalyst in excess 90 of fatty acid was converted .
Optimization of temperature reaction
In general, the chemical reaction rate was strongly dependent on the reactor temperature. To study the temperature effect, 2 g of oleic acid and 0.869 g of ethylene glycol are esterified with 0.1w/w KSF at different temperatures ranging from 100 to 170 . Esterification yields obtained after 5 hours of reaction are represented as a function of temperature in Fig. 3 .
It can be observed that the rate of reaction increases with temperature, especially the conversion in the range 100-150 . It is found that the yields vary almost linearly with temperature. This effect shows that by increasing the temperature the mobility of the molecules increases. Therefore, molecules can reach the inner pores of the catalyst more easily. After 150 the yield increases but in a less important way. In the same context, Kotwal et al. also found in the esterification of fatty acids lauric, myristic, stearic and oleic acids with glycerol in the presence of solid catalyst Fe_Zn Double metal cyanide DMC has a temperature major effect on the conversion and product selectivity. They showed that the conversion of the fatty acid is not significant below 130 7 . The next studied parameter was the molar ratio polyol: fatty acid .
Optimization of Molar Ratio
In this part, all experiments were carried out at the choice temperature of 150 . The esterification process was conducted at 1:0.5, 1:1, 1:2, 1:3 and 1:4 oleic acid to ethylene glycol. The effect of the initial concentration ratio of reactants on the reaction rate is significant. As shown in Fig. 4 , the increasing molar ratio of oleic acid / ethylene glycol from 1:0.5 to 1:2 led to an increase in the esterification yields. The oleic acid conversion reached up to 93.5 . In fact, more ethylene glycol was available for effective contact with the relatively more viscous oleic acid. The effect of molar ratio on the oleic acid conversion was insignificant when the oleic acid / ethylene glycol molar ratio was increased from 1:2 to 1:4. The excess of ethylene glycol beyond 1:2 molar ratio had no effect on the reaction yield. The same interpretation was deduced over the synthesis of phytosterol esters 29 . This behavior can be due to a significant dilution of the oleic acid, the limiting reagent in this reaction.
The molar ratio is a very interesting parameter which affects not only the conversion rate, but also the glycerides composition of the mixture product can be changed. As shown in Fig. 5 , an equimolar ratio of acid and glycerol can product 41.8 of diglyceride and 9.7 of triglyceride. Increasing the glycerol 1:2 leads to a high selectivity for the monoglycerides formation 43.5 . However, 1:3 molar ratio leads to a decrease in the yield of esters and therefore decreased percentages in mono and diglycerides, the percentage of triglyceride remaining invariant.
To generalize this process, it is important to study the esterification of others fatty acids with ethylene glycol and glycerol.
Esteri cation of other fatty acids
Montmorillonite KSF was used as catalyst in the esterification of oleic, stearic and palmitic acids with ethylene glycol and glycerol. Figure 5 shows the conversion of various fatty acids with ethylene glycol and glycerol.
Effect of the length of the alcohol s carbon chain
As shown in Fig. 6 , it was found that the yield of the esterification of fatty acid with ethylene glycol is always higher than that of the esterification of glycerol. This can be attributed to the high viscosity of glycerol by the contribution to that of ethylene glycol which decreased the number of shock with the fatty acid chains. Glycerol is more voluminous than ethylene glycol, its accessibility to acid functions will consequently lower. Moreover, the glycerol has two types of primary alcohols at the end and a secondary in the center, whereas ethylene glycol has only two primary alcohols. It is known that the esterification yields with a primary alcohol are greater than those obtained with secondary alcohol. 3.3.2 Effect of the type of fatty acids on the esterification yield Figure 6 shows a slight increase in conversion to oleic acid C18: 1 . It can be concluded that any increase in hydrocarbon chain length of the fatty acid promotes an increase in the conversion rate, as indicated by the yield values of palmitic acid and stearic acid esterified with glycerol and by ethylene glycol.
The presence of unsaturation in the skeleton of the fatty acid facilitates the course of the esterification reaction by increasing the conversion rate. Oleic acid is an advantage to other fatty acids by its chain length and its double bond. This interpretation is also checked by Kotwal et al. who found, during the esterification of lauric acid C12: 0 , myristic acid C14: 0 , stearic acid C18: 0 and oleic acid C18: 1 with glycerol, that the chain length of the fatty acid and the existence of unsaturation have a significant effect on the conversion products and the higher efficiency is obtained with oleic acid C18: 1 7 .
Catalyst stability and reusability
In the reusability study of the catalyst, 10 wt. of fresh catalyst with respect to the initial reactants was used for the reaction performed at 150 for 5 h and the ethylene glycol /Oleic acid molar ratio was set at 1:2. After the experiment, the catalyst was filtered from the catalytic reaction mixture, washed with hexane and then dried in an oven at 80 . Thereafter, the catalyst was reused for the subsequent esterification runs using the same reaction conditions. Such reusability experiments were repeated for 5 times. The yields of the esterification reaction during five cycles, according to the general procedure described in the Experimental section , are presented in Fig. 7 .
As seen in Fig. 7 , no significant loss of activity was observed during the transesterification of oleic acid with ethylene glycol in the first 5 runs. The montmorillonite KSF catalyst showed rather good activity retention in several cycles of usage. The catalyst retained up to 96 from its initial conversion of 93.26 .
CONCLUSIONS
The esterification of fatty acid with polyol over acid clays was efficiently carried out in a continuous reactor. The catalytic activity of these K-catalysts is controlled by their acidity. It is found that the catalytic activity of clay is mainly related to the pH value. The other physical properties of clays, including surface area and the average pore diameter, do not appear to have a significant effect on the variation of the yield of the reaction. The montmorillonite KSF has proven to be the most effective of the tested catalysts.
Besides the catalytic activity of the catalyst type, the principal parameters affecting the reaction rate especially catalyst loading, temperature and molar ratio oil/alcohol were optimized. The best conversion achieved 74.5 for an initial 31 acid were obtained in the esterification of oleic acid and ethylene glycol with a molar ratio 1: 2 in a closed reactor heated at a temperature of 150 in the presence of 10 by mass with respect to KSF the amount of fatty acid. This procedure was generalized by the application of the esterification of other fatty acids, like palmitic and stearic acids, with glycerol. The yield of the esterification of fatty acid with ethylene glycol is always higher than that of the esterification of glycerol. This can be attributed to the high viscosity and volumineusty of glycerol which decreased the number of shock with the fatty acid chains. On the other hand, Oleic acid is an advantage to other fatty acids owing to its chain length and double bond.
The study of the reusability of the catalyst showed a very good stability of KSF clay which can be reused for 5 runs without significant loss in the catalytic activity. Indeed, the catalyst retained up to 96 from its initial activity after 5 consecutive cycles without any treatment. 
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